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Abstract. This paper describes the process of DNA extraction and quantification of diploid and 
tetraploid red clover (Trifolium pratense L.). Red clover is an important forage crop for research purposes which 
has seen a gradual decline in use for a century. The paper begins by describing the advantages of red clover and 
arguing that its use may become important once again within the context of sustainable agriculture. The process 
of DNA extraction using a commercial extraction kit is then described in detail. The results section considers 
DNA quantification using both spectrophotometer and electrophoresis processes. Quantification is used to 






Red clover (Trifolium pratense L.). one of 250 species of the genus Trifolium. is a 
short-lived perennial plant and an important forage crop in much of the temperate world. 
Historically it was an important crop due to its high seedling vigour. easy establishment. rapid 
growth and soil improving characteristics (Taylor and Quesenberry. 1996). Red clover is also 
attributed with important medicinal properties due to the presence of isoflavones 
(antioxidants). Isoflavones are thought to protect against ailments such as breast cancer. offer 
relief from menopausal symptoms and have cardioprotective and bone sparing effects 
(Atkinson et al. 2004).  
Red clover grows erect to decumbent. 20 to 60 cm tall with spindle-shaped roots and 
long stems which graduate from hairy to smooth (Gillett and Taylor. 2001). The flowering 
period is from May to September and reproduction is by cross-pollination. The stipules are 
fused to the leaf stalk with a thin tip. Leaves are green with a wedge-shaped mark and ovate. 
elliptical or wedge shaped. Lower leaves have long stalks; leaf stalks become shorter upwards 
on the plant. The flowers are rose-purple. Calyx 10-nerved and hairy with a ring of hairs at the 
mouth. Pods are sessile. oblong to ovate and contain 1 seed. which is 1.6-2.0 mm in size. 
yellow-red. mitten-shaped with a dull texture. 
Red clover gained importance as it was used to replace fallow in agricultural systems 
but the 20th
 
century saw a global decline in its use: in the United States. for example. from 14 
million cultivated hectares in 1927 to 4.15 million hectares in 1987 (Taylor and Quesenberry. 
1996). This can be largely explained in terms of the general decline in use of legume crops as 
agricultural nitrogen sources due to the low price of nitrogen fertilisers (Allison and Ott. 
1987) and the replacement of crop rotation systems by monoculture.  
Consequences of the decline in use of red clover. as well as other legumes. include a 
shift in the area of seed production. a reduction in soil nutrient recycling resulting in increased 
demand for fertilisers and soil erosion. a reduction in precipitation use efficiency and pest 
problems (Taylor and Quesenberry. 1996). Red clover was a prominent feature of sustainable 
agriculture in the past. The renewed interest in sustainable agriculture has resulted in 
government programs awarding credit for legume forage planting; red clover. as a prominent 
and competitive forage crop may stand to benefit from this.  
 
 
MATERIAL AND METHODS 
 
DNA Extraction from leaf tissue using a commercial extraction kit (Sigma) 
2.1 Plant material 
For DNA extraction I used “Red clover”(Trifolium pratense L.) diploid and tetraploid. 
The extraction process was a slightly modified version of that provided in (Edwards et al. 
1991). 
2.2 Preparation 
A water bath was pre-heated to 65 °C. A 70 Preps Wash Solution package (Sigma) 
containing 30 ml of Wash Solution Concentrate was diluted with 72 ml of 100% ethanol. 
After dilution. the Wash Solution was tightly capped to prevent ethanol evaporation. Elution 
Solution (Sigma) was pre-heated to 65 °C. 
2.3 Procedure  
DNA was extracted using the GenElute Plant Genomic DNA Miniprep Kit (Sigma). A 
leaf disc was removed and flash frozen using liquid nitrogen. The tissue was ground into a 
fine powder using a mortar and pestle and transferred to a microcentrifuge tube. 350 µl of 
Lysis Solution (Part A) and 50 µl of Lysis Solution (Part B) were added to the tube. Vortexing 
and inverting were carried out to ensure mixing. Upon the addition of Lysis Solution (Part B) 
precipitation occurred; the mixture was incubated for 10 minutes at 65 °C and occasionally 
inverted to dissolve the white precipitate.  
130 µl of Precipitation Solution (Sigma) was added to the mixture and mixed by 
inversion. The sample was placed on ice for 5 minutes. The sample was then centrifuged at 
13.000 rpm for 5 minutes to pellet the cellular debris. proteins and polysaccharides. To 
remove any further debris. the supernatant sample was moved by pipette onto a GenElute 
filtration column with a 2 ml collection tube (Sigma) and centrifuged at 13.000 rpm for a 
further 1 minute. The filtration column was discarded and the liquid retained within the 
collection tube. 700 µl of Binding Solution (Sigma) was added to the flow-through liquid and 
mixed through inversion to form the lysate.  
GenElute Miniprep binding columns (Sigma) were prepared by adding 500 µl of 
Column Preparation Solution (Sigma) to each and centrifuging at 13.000 rpm for 1 minute. 
The purpose of the Column Preparation Solution is to maximise DNA binding to the 
membrane. Flow through liquid was discarded. 700 µl of the mixture in the collection tube 
was transferred into the binding column. The binding column was then centrifuged at 13.000 
rpm for 1 minute. Flow through liquid was discarded and the collection tube retained. The 
column was returned to the collection tube. The remaining lysate was applied onto the 
column. The binding column was. again. centrifuged at 13.000 rpm for 1 minute and the flow 
through liquid and collection tube discarded. 
The First Column Wash was then carried out. The binding column was placed into a 
new 2 ml collection tube and 500 µl of the diluted Wash Solution from the preparation stage 
was applied to the column. Centrifuge at 13.000 rpm for 1 minute then occurred; flow-
through liquid was discarded but the collection tube retained. The Second Column Wash was 
then undertaken. A further 500 µl of the diluted Wash Solution was applied to the column. 
The column was then centrifuged at 13.000 rpm for 3 minutes and any fluid adhering to the 
outside of the column was carefully removed. Flow through liquid was not allowed to make 
contact with the column.  
DNA Elution was then undertaken. The binding column was then transferred to a fresh 
2 ml collection tube. 100 µl of Elution Solution (Sigma). which had been pre-warmed to 65 
°C during the preparation stage. was applied to the column. The column was then centrifuged 
at 13.000 rpm for 1 minute. This process was carried out twice. Again. care was taken not to 
allow flow-through liquid to contact the column. 1 µl of extracted DNA was removed to be 
used for the DNA Quantification process described in section 3.1.  
Some of the extracted DNA was loaded into a Blue/Orange 6X Loading Dye 
(Promega) for the later DNA quantification process. Into the 4 tubes of extracted DNA I 
added 5 µl of DNA together with 2 µl of 6X Loading Dye (Promega).  
The 6X Loading Dye is used for loading DNA samples into a gel electrophoresis wells 
and tracking migration during electrophoresis. the recommended usage is one part loading dye 
for every five parts DNA solution. The remaining DNA samples were stored at -20 °C in the 
laboratory freezer. 
Agarose Gel Preparation  
In general. agarose gels are prepared using an agarose concentration appropriate to the 
size of DNA fragments to be separated. I used a 0.8% concentration of agarose gel. Agarose 
was added to a 1X TAE buffer and melted in a microwave oven. Care was taken to ensure 
even mixing and complete dissolving of the agarose. A gel insert tray was sealed with tape 
and a gel comb inserted. The agarose was cooled to 55 °C before pouring onto the gel insert 
tray. Care was taken to ensure that all bubbles were removed before the gel set. The tape was 
removed from the gel insert tray and the gel comb was carefully removed. Electrophoresis 
buffer was added in order to cover the gel and to load the DNA samples.  
DNA samples were added to the sample wells in the agarose gel using a micropipette. 
Care was taken not to damage the sample wells with the micropipette during the procedure. A 
small gel was used for 1 hour at 60 V. 
 
 
RESULTS AND DISCUSSIONS 
 
DNA was extracted from leaves of red clover using SIGMA Gene Elute Plant 
Genomic DNA Miniprep Kit (SIGMA. Missouri. USA). From the extracted DNA. 1 µl was 
removed for use in the Nanodrop ND1000 spectrophotometer. which was used to quantify the 
DNA present. 
Figure 1 shows red clover diploid. The quantification shows the concentration of DNA 
in ng/µl. Absorption ratio 260/280 shows the purity. If the purity is less than 1.8 then the 
DNA could be contaminated with phenol. proteins. etc. If the purity is greater than 2.0 then 
the DNA is contaminated with RNA. In this case. the quantity of DNA. at 19.3 ng/µl. is very 




Figure 1. DNA Quantification of diploid red clover using Nanodrop ND1000 spectrophotometer  
 
 
Figure 2 shows red clover tetraploid. The quantity of DNA. at 16.7 ng/µl. is very 





Figure 2. DNA Quantification of diploid red clover using Nanodrop ND1000 spectrophotometer  
 
DNA electrophoresis is an analytical technique used to separate the fragments of DNA 
by size. The electric field forces the fragments to migrate through the gel. Normally DNA 
molecules migrate from negative to positive potential due to the net negative charge of the 
phosphate backbone of the DNA chain. The longer molecules migrate more slowly because 
they are more easily trapped in the gel.  
When the separation is completed the DNA is visualized using a fluorescent dye 
specific for DNA. The gel shows bands corresponding to different molecules population with 
different molecular weight. Fragment size is usually reported in nucleotides. base pairs. or kb. 
depending upon whether single or double stranded DNA has been separated. From the same 
extracted DNA. 5 µl of DNA were taken and put together with 2 µl of 6X Loading Dye 
(Promega). The DNA with 6X Loading Dye was inserted into the sample wells in a small 
agarose gel for 1 hour at 60 V.  
After 1 hour I took the gel and I introduced in the Beckman CEQ ceq8000 DNA 
sequencer  for visualisation of DNA samples. This machine sows the purity of the DNA. if the 
DNA is not contaminated with anything than it will not be seen very clearly. Figure 3 shows 
DNA quantification for 4 lines of red clover. 2 lines of diploid and 2 lines of tetraploid. as 









1. Diploid red clover has 14 chromosomes. while tetraploid has 28. The overarching 
theme of the research is to investigate the autotetraploid forms of red clover. the 
hybrid formed by cross-pollination between diploid and tetraploid forms. The 
intention behind the experiment was to check that the purity of the samples was 
comparable. using the same kit extraction. This has helped me to understand better the 
genome of the red clover samples as a prelude to the next phase of work. which will 
involve DNA extraction from the autotetraploid forms.  
2. It can be seen from the results using the Nanodrop spectrophotometer that. while the 
quantity of DNA in the samples differed between the diploid and tetraploid forms of 
red clover. the purity of the DNA was found to be very similar in both cases. Using the 
electrophoresis technique. it was found that the very large molecules could be seen 
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